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Three manganese/4-sulfocalix[4]arene complexes, namely, {H[(C28H20O16S4)Mn(H2O)4Mn0.5(H2O)2]}n Æ6nH2O (1), {NH4[(C28H20-
O16S4)Mn(H2O)4Mn0.5(H2O)2]}n Æ 5nH2O (2), [(C28H20O16S4)Mn2(H2O)8]n Æ 6nH2O (3), have been synthesized under different pH
conditions. Complex 1, which exhibits a one-dimensional (1D) structure, is formed at [H+] = 2.0 mol L1. Reaction at pH 4 leads to
another one-dimensional (1D) coordination polymer of 2. At pH 5, a two-dimensional (2D) coordination polymer of complex 3 is
formed, showing clearly structural effects on pH response.
 2007 Elsevier B.V. All rights reserved.
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tures of coordination polymers are currently of interest in
the field of supramolecular chemistry and material science
[1,2], due to their potential as functional materials as well
as their interesting compositions and topologies [2–4].
Water-soluble calix[n]arenes, possessing strongly hydro-
philic upper and lower rims and a strongly hydrophobic
conelike cavity, have become increasingly important in
the field of supramolecular chemistry and crystal engineer-
ing in recent decades [5,6]. As a multifunctional supramo-
lecular synthon, 4-sulfocalixarene can form various kinds
of supramolecular aggregations which include ‘Russion
dolls’ or ‘molecular capsules’ [7], ‘Ferris wheels’ [8], hydro-
gen bonded polymers [9], 1D [10] and 2D [9–11] coordina-
tion polymers, water-filled channels [12], as well as
nanometer scale spheres and tubules [13]. Owing to the
assembly of supramolecular architectures easily affected
by external physical or chemical stimuli, however, the reac-
tion pathways frequently changed case by case, resulting in1387-7003/$ - see front matter  2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.inoche.2007.08.003
* Corresponding author. Tel.: +86 592 218 5191; fax: +86 592 218 3047.
E-mail address: lslong@xmu.edu.cn (L.-S. Long).poor selectivity [14]. pH value of the reaction, as one of the
external stimuli, is especially important in the assembly of
supramolecular architectures [15]. It affects not only the
ligand coordination ability but also its charge and, there-
fore, the metal-to-ligand ratio and, consequently, the
resulting topology [5,15,16]. However, systematic investiga-
tions focusing on the influence of pH value of the reaction,
while keeping numerous other factors constant, are still
very rare in this system [15i]. Here we report crystal
structures of three manganese/4-sulfocalix[4]arene com-
plexes, namely, {H[(C28H20O16S4)Mn(H2O)4Mn0.5(H2O)2]}n Æ
6nH2O (1), {NH4[(C28H20O16S4)Mn(H2O)4Mn0.5(H2O)2]}n
Æ 5nH2O (2), [(C28H20O16S4)Mn2(H2O)8]n Æ 6nH2O (3),
which are prepared under the different pH conditions
[17]. Their structural diversities show clearly structural
effects on pH response.
Compound 1 [18] crystallizes in the monoclinic space
group P21/n. Crystal structure analysis reveals that there
are one and a half manganese ions (one of the manganese
ions (Mn2) has a 50% site occupancy), one monoprotoned
H4CAS
4 ligand, six coordination water molecules, and six
lattice water molecules in the asymmetric unit of 1. Of the
two independent Mn2+ centers in the asymmetry unit, one
1258 R.-G. Lin et al. / Inorganic Chemistry Communications 10 (2007) 1257–1261(Mn1) is six-coordinated in an octahedral geometry by four
water molecules, and two sulfonate groups belonging to
two H5CAS
3 ligands with their two conelike cavities
pointing to the same direction in a cis arrangement, the
other (Mn2) is six-coordinated by four water molecules
and two monodentate sulfonato groups from two
H5CAS
3 ligands with their two conelike cavities pointing
to the opposite direction in a trans arrangement as
shown in Fig. 1. The 1D structure of 1 can be viewed as
connection of adjacent mononuclear complexes of trans-
Mn(H2O)4(H5CAS
3) by a pair of [Mn(H2O)4]
2+ cations
through the sulfonato group in the trans-Mn(H2O)4-
(H5CAS
3) complex coordinated to [Mn(H2O)4]
2+ cations
as shown in Fig. 1. This linking mode results in each
(H5CAS
3) ligand coordinated with three [Mn(H2O)4]
2+
cations and the fourth sulfonato group protonated and
hydrogen-bonded to the lattice water (O5w) (O2SO–
H    O(5w) = 1.88 Å, O2SO(14)    O(5w) = 2.601(4) Å,
<O2SO–H    O(5w) = 143.7). The bond lengths of Mn–
Owater and Mn–Osulfonato are 2.124(2)–2.189(3) Å and
2.124(2)–2.156(2) Å, respectively, shorter than those of
2.401–2.580 Å and 2.389–2.475 Å in six-coordinated Mn/
4-sulfocalix[4]arene complex of Na4 [(C28H20O16S4)2Mn2-
(H2O)8] Æ 16H2O [19].Fig. 1. ORTEP plot showing the coordination environment of Mn2+ and the 1
clarity.
Fig. 2. ORTEP plot showing the coordination environment of Mn2+ and the 1
clarity.Compound 2 [18] crystallizes in the triclinic space group
P1. Crystal structure analysis reveals that there are one and
a half manganese ions (one of the manganese ions (Mn2)
has a 50% site occupancy), one H4CAS
4 ligand, six coor-
dination water molecules, five lattice water molecules and
one NHþ4 in the asymmetric unit of 2. In the two indepen-
dent manganese centers in the asymmetry unit, Mn1 is six-
coordinated by four water molecules and two sulfonate
oxygen atoms of two H4CAS
4 ligands with their conelike
cavities pointing to the same direction, Mn2 is six-coordi-
nated by four water molecules and sulfonato oxygen atoms
from two H4CAS
4 ligands with their conelike cavities
pointing to the opposite direction. The two sulfonato
groups coordinated to Mn1 and Mn2 centers are in a
trans arrangement as shown in Fig. 2. The 1D structure
of 2 can be viewed as connection of adjacent mononuclear
complexes of trans-Mn(H2O)4(H4CAS
4) by a pair of
[Mn(H2O)4]
2+ cations through the sulfonato group in
trans-Mn(H2O)4(H4CAS
4) complex coordinated to
[Mn(H2O)4]
2+ cations as shown in Fig. 2. The NHþ4 ion
is hydrogen-bonded to the uncoordinated sulfonato group
(H3N(1)–H    O(15)SO2 = 1.96 Å, N(1)    O(15)SO2 =
2.860(7) Å, <H3N(1)–H    O(15)SO2 = 176.9 and
H3N(1)–H    O(6)SO2 = 1.95 Å, N(1)    O(6)SO2 =D structure of 1. Lattice water and hydrogen atoms have been omitted for
D structure of 2. Lattice water and hydrogen atoms have been omitted for
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mentioned that, although both 1 and 2 exhibit a 1D chain
structure, there is significant difference in their topology. In
1, each 4-sulfocalix[4]arene is coordinated to three
[Mn(H2O)4]
2+ cations, respectively, through three sulfona-
to groups, while in 2, each 4-sulfocalix[4]arene is coordi-
nated to three [Mn(H2O)4]
2+ cations through two
sulfonato groups (with one sulfonato group bridged two
[Mn(H2O)4]
2+ cations). The bond lengths of Mn–Owater
and Mn–Osulfonato are 2.146(4)–2.204(4) Å and 2.169(3)–
2.220(3) Å, respectively, comparable to those in 1.
Compound 3 [18] crystallizes in the tetragonal space
group P4/n. Crystal structure analysis reveals that the
asymmetric unit in 3 consists of half a Mn2+ ion, one-quar-
ter H4CAS
4 ligand, two coordination water molecules,
and one and a half lattice water molecules. The central
Mn2+ ion adopts an octahedral geometry and coordinated
by four water molecules and two oxygen atoms of two sul-
fonato groups belonging to two H4CAS
4 ligands with the
two conelike cavities pointing to the opposite direction in a
trans arrangement (as shown in Fig. 3). Each H4CAS
4
links four H4CAS
4 with their conelike cavities pointing
to the opposite direction through four Mn–O(sulfonato)
in trans arrangement to generate a 2D structure with the
conelike cavities of the H4CAS
4 ligand alternately point-
ing to up and down as shown in Fig. 3. To the best of
our knowledge, this unique structural character has not
found in previously reported 2D sulfocalix[4]arene-based
coordination polymers. The bond lengths of Mn–Owater
and Mn–Osulfonato are 2.117(5)–2.169(5) Å and 2.174(4)
Å, respectively, comparable to those in 1.Fig. 3. Ball and stick plot showing the 2D layer structure of 3. Lattice
water and hydrogen atoms have been omitted for clarity (top layer, gray;
bottom layer, black).Since the only difference in the synthesis condition
among 1 to 3 is the pH value of the reaction, their struc-
tural differences clearly show that the pH value of the
reaction is of key importance in the assembly of 4-sulfoca-
lix[4]arene-based coordination polymers, and the higher
the pH value of the reaction, the higher the dimension of
the complex. For example, at 2.0 mol L1 HCl, one of sul-
fonato groups of the 4-sulfocalix[4]arene is protonated and
each of the remaining sulfonato groups of the 4-sulfoca-
lix[4]arene is respectively coordinated to one Mn2+ ion,
1D chain structure of 1 was formed; while at pH 5, no sul-
fonato groups of the 4-sulfocalix[4]arene are protonated
and each sulfonato group of the 4-sulfocalix[4]arene coor-
dinated with one Mn2+ ion, 2D layer structure of 3 was
expected. Interestingly, in the complex 2, although no sul-
fonato groups of the 4-sulfocalix[4]arene are protonated at
pH 4, the 4-sulfocalix[4]arene only coordinated with three
Mn2+ ions, instead of four as observed in complex 3. Con-
sidered that the concentration of [NHþ4 ] at pH 4 is by no
means larger than that at pH 5 [20], that is, the concentra-
tion of [NHþ4 ] is not key factor influencing on the structures
of 2 and 3 at pH 4 and 5, respectively, it is reasonable to
attribute the structural difference between 2 and 3 to their
difference in the pH value of the reactions, since higher
pH value of the reaction would favor the coordination of
Mn2+ to the sulfonato group of 4-sulfocalix[4]arene.
Although it is clear that the assembly of the complexes is
pH-dependent, trying to obtain 2 through transformation
of 1 was failure. In stead, we obtained a new 1D chain
structure of {(NH4)2[(C28H20O16S4)Mn(H2O)4]}n Æ 6nH2O
(4). Crystal analysis [21] reveals that there are two crystal-
lographic independent manganese ions (each manganese
ions (Mn2) has a 50% site occupancy), one H4CAS
4
ligand, four coordination water molecules, six lattice water
molecules and two NHþ4 in the asymmetric unit of 4. In the
two independent manganese centers in the asymmetry unit,
both Mn1 and Mn2 are six-coordinated by four water mol-
ecules and two sulfonate oxygen atoms of two H4CAS
4
ligands with their conelike cavities pointing to the opposite
direction. The 1D structure of 4 can be viewed as connec-
tion of adjacent mononuclear complexes of trans-
Mn(H2O)4(H4CAS
4) by a [Mn(H2O)4]
2+ cation through
the sulfonato group in trans-Mn(H2O)4(H4CAS
4) com-
plex coordinated to [Mn(H2O)4]
2+ cations as shown in
Fig. 4. Since the 1D structure of 4 is neither different from
that of 1, nor that of 2, it is reasonable to deduce that 1
could not transform into 2. This is understandable from
the difference in the ratio of Mn2+ to H4CAS
4 ligand in
the related reactions. In the reaction of 2, the ratio of
Mn2+ to H4CAS
4 ligand is about 9:1, while this in the
reaction of 4 is 1.5:1.
In summary, based on the same molecular building
block, 4-sulfocalix[4]arene and MnCl2, we have synthesized
three manganese/4-sulfocalix[4]arene complexes under the
different pH conditions. Their structures range from one-
dimensional to two-dimensional coordination complexes,
showing clearly the structural response on pH value of
Fig. 4. ORTEP plot showing the coordination environment of Mn2+ and the 1D structure of 4. Lattice water and hydrogen atoms have been omitted for
clarity.
1260 R.-G. Lin et al. / Inorganic Chemistry Communications 10 (2007) 1257–1261the reaction. Investigation on their structural difference
reveals that high pH value of the reaction will favor the
coordination of H4CAS
4 ligand to Mn2+, and to the for-
mation of high-dimensional coordination polymer.Acknowledgements
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Crystallographic data for 1–3 have been deposited with
the Cambridge Crystallographic Date CCDC 635453,
635454 and 635455 contain the supplementary crystallo-
graphic data for compounds 1, 2 and 3. These data can
be obtained free of charge via www.ccdc.cam.ac.uk/con-
ts/retrieving.html, or from the Cambridge Crystallographic
Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: (+44) 1223-336-033; deposit@ccdc.cam.ac.uk]. Sup-
plementary data associated with this article can be found,
in the online version, at doi:10.1016/j.inoche.2007.08.003.
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